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(57) Abstract 



A motorcycle (1) is disclosed wherein a crank shaft (56) is disposed in a lower portion of a power unit case (55). a clutch shaft (57) 
is disposed in parallel to and higher than the crank shaft (56). and a transmission shaft (58) and an electric motor shaft (59) are disposed 
in such a manner as to extend from one end of the clutch shaft (57) in a longitudinal (fore and aft) direction of the vehicular body. That 
is. the clutch shaft (57). transmission shaft (58). and electric motor shaft (59) arc disposed in series and also in parallel to and higher than 
the crank shaft (56). Since the transmission shaft (58) and the electric motor shaft (59) are disposed in series in die longitudinal direction 
of a vehicular body, the direction of a force applied to the power unit case (55) becomes simple. This makes the designing of the power 
unit case easy. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Hnland 


LT 


Uthuanta 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


AiBtralia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeibaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GB 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baibados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Buricina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


•nirkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


XT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ereland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NB 


Niger 


VN 


Vict Nam 


CG 


Congo 


KB 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


C6tc d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Koiea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Ptmugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Sairu Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 99/14109 



PCT/JP98/04017 



DESCRIPTION 



MOTORCYCLE WITH HYBRID DRIVE SYSTEM 

5 TECHNICAL FIELD 

The present Invention relates generally to a motorcycle and 
more particularly to a hybrid motorcycle includirtg an electric 
motor in addition to an engine. 

10 BACKGROUND ART 

Vehicles of the type using a gasoline engine as a drive 
source are chiefly available at present. However, vehicles of 
the type using an electric motor as a drive source are required 
at locations where the occurrence of an exhaust gas must be 

15 avoided. A motor- driven vehicle, however, has an inconvenience 
in that it has an increased body weight and a shortened running 
distance. To cope with such cin inconvenience, there is an 
increased demand that a hybrid vehicle including an electric 
motor in addition to an engine be developed. 

20 Japanese Patent Laid-Open Publication No. HEI-8-175477, for 

example, discloses a hybrid motorcycle entitled 'DEVICE FOR 
SWITCHING ENGINE POWER TO/FROM MOTOR POWER IN MOTORCYCLE OR THE 
LIKE". 

As Shown in Fig. 2 of the above publication, a crank shaft 
25 is parallel to an axle, and as shown in Fig. 3, a shaft of a 
motor is perpendicular to the axle. 

To be more specific, according to the related art structure, 
since the crank shaft extends in the lateral direction of a 
vehicular body and the shaft of the motor extends in the 
30 longitudinal di^ction of the vehicular body, a transmission 
case \^ch contains both the crcink shaft and the shaft of the 
motor is applied with forces both in the lateral and 
longitudinal directions. 

Accordingly, the transmission case must be rigid enough to 
35 withstand the above forces both in the lateral and longitudinal 
directions, to thereby not only increase the weight of the 
transmission case but also cause a loss of transmission in a 
power transmission system. 
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DISCLOSURE OF THE INVENTION 
It is therefore an object of the present Invention to 
provide a motorcycle capable of lowering a loss of power 
transmission in a drive force transmission system and reducing 
5 the weight of a transmission case, that is, a power unit case« 
According to the present invention, there is provided a 
motorcycle in vrtiich a an engine and an electric irtotor are 
provided as a power unit and an engine output and an electric 
motor output are transmitted to a drive wheel through a 
10 transmission shaft and an electric motor shaft, respectively, 
characterized in that the transmission shaft and the electric 
motor shaft are coaxially disposed in series in the longitudinal 
direction of a vehicular body and in parallel to a crank shaft 
of the engine. 

15 Since the transmission shaft and the electric motor shaft 

are disposed in series in the longitudinal direction of the 
vehicular body, the direction of a force applied to the power 
unit case becomes simple. This reduces a loss of power 
transmission and makes designing of the power unit case easy, 
20 Concretely, the power unit case can be designed such that 
rigidity becomes high in the direction of application of the 
force and rigidity becomes low in the direction of application 
of the force; consequently, the power unit case can be reduced 
in weight and also be made compact as a whole in proportion to 
25 the sin5)lification of the applied force. 

According to an invention defined in claim 2, in addition to 
the configuration of the invention defined in claim 1, the 
transmission shaft holds a one-way clutch and a clutch shaft 
holding a starter one-way clutch and a centrifugal clutch is 
30 provided integr^ly with the transmission shaft. 

The clutch shaft is integrally connected to the transmission 
shaft; the one-way clutch is held by the transmission shaft; and 
the one-way clutch for a starter and the centrifugcil clutch are 
held by the clutch shaft. 
35 According to an invention defined in claim 3, in addition to 

the configuration of the invention defined in claim 1, the power 
unit is swingably mounted, together with a rear wheel, on a main 
frame. 
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Wlth this aacrangement , since the power unit can be 
significantly reduced In weight and also the power unit Is swung 
together with the rear \!^eel, the unsprlng weight can be reduced 
and the steering stability can be enhanced. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Preferred embodiments of the present Invention will be 
described In detcill below, by way of example only, with 
reference to the accompanying drawings. In vrtilch: 
10 Fig. 1 Is a side view of a motorcycle according to the 

present Invention; 

Fig. 2 Is a sectional side view of a power unit according to 
the present Invention; 

Fig. 3 Is a sectional plan view of the power unit according 
15 to the present Invention; 

Fig. 4 Is a view showing a configuration and a function of a 
cone type continuously vcirlable transmission according to the 
present Invention; 

Fig. 5 Is a view showing a configuration and function of the 
20 cone type continuously variable transmission according to the 
present Invention; 

Fig. 6 Is a view Illustrating an engine lubricating system 
according to the present Invention; 

Fig. 7 Is a view Illustrating a transmission lubricating 
25 system according to the present Invention; and 

Fig. 8 Is a front view of the power unit, showing a cam 
shaft drive mechanism as a valve drive mechanism according to 
the present Invention. 

30 BES'y MODE FOR CARRYING OUT THE INVENTION 

The following description Is merely exemplary In nature and 
Is In no way Intended to limit the Invention or Its application 
or uses. 

Referring to Fig. 1, a motorcycle 1 has at Its lower central 
35 portion a box-Uke main frame 2 serving as a battery containing 
box. Inverse U-shaped front swing arms 4 extend from a lower 
front portion of the main frame 2 through a front pivot 3, and a 
front wheel 5 Is rotatably mounted on the front swing arms 4. A 
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head pipe post 7 extends obliquely upward from an upper front 
portion of the main frame 2 and a head pipe 8 is fixed at a 
leading end of the head pipe post 7. A handle post 9 is 
rotatably mounted in the head pipe 8, and a steering arm 11 is 
5 mounted on a lower end of the handle post 9. A leading end 

(lower end) of the steering arm 11 is connected to a knuckle 12 
mounted on the front wheel 5. A power unit 15 i&v swingably 
mounted on an upper rear portion of the main frame 2 through a 
rear pivot 13. A rear \rtieel 16 is mounted on the power unit 15. 
10 A rear cushion 17 is disposed in front of the rear if^eel 16, 
and an air cleaner 18, an exhaust pipe 19, a muffler 21, and a 
tail lamp 22 are disposed biahind the rear \^eel 16. A vehicular 
body is surrounded by a front fender 25, a front cover 26, a 
front handle cover 27, a center cowl 28, a rear cowl 29 and a 
15 rear fender 31 vrtiich are disposed in this order from the front 
side to the rear side of the vehicular body. 

In Fig. 1, reference n\imeral 30 indicates a stem; 32 is 
front break disk; 33 is a caliper; 34 is a resin spring; 35 is 
a front dan?)er; 36 is a leg shield; 37 is a passenger's step; 38 
20 is a side stand; and 39 is a main stand. On an upper side of 
Fig. 1, reference numercil 41 indicates a horn; 42 is a front 
lansg; 43 is a handlebar; 44 is a grip; 45 is a baffle duct; 46 
is a radiator; 47 is a fan; 48 is a sheet; 49 is a helmet box; 
51 is a helmet; 52 is a tail lamp; and 55 is a power unit case. 
25 The power unit case 55 is composed of right and left crank 

cases 55b and 55a (the right crank ceise 55b on the back side of 
the figure is not shown), a transmission case 55c, an electric 
motor case 55d, and a reduction gear case 55e. 

Fig. 2 is. a sectioned, side view of the power unit according 
30 to the present ^vention. 

As will be fully described with reference to Fig. 8, the 
power unit 15 includes a four-cycle engine in v^ch an intake 
cam shaft and an exhaust cam sheif t are provided in a cylinder 
head. The power unit 15 has a crank shaft 56 disposed in a 
35 lower portion of the power unit case 55; a clutch shaft 47 

disposed in parallel to and higher than the crank shaft 56; and 
a transmission shaft 58 and an electric motor shaft 59 disposed 
in such a manner as to extend from one end of the clutch shaft 
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57 in the longitudinal direction (fore and aft) of the vehicular 
body. That is to say, the clutch shaft 57, transmission shaft 
58, and electric motor shaft 59 are disposed in series and also 
in parallel to and higher than the crank shaft 56. 
5 Since the clutch shaft 57, transmission shaft 58, 

and electric motor shaft 59 are disposed in series in the 
longitudinal direction of the vehicular body, thd direction of a 
force applied to the power unit case 55 becomes siitqple. This 
facilitates the design of the power xmlt case 55. Concretely, 
10 the power unit ccise 55 can be designed such that the rigidity is 
high in the direction \rtiere the force is applied and the 
rigidity is low in the direction vrtiere the force is not applied; 
and consequently, the power unit case 55 can be reduced in 
weight and easo be made compact as a iffliiole in proportional to 
15 simplification of the force applied to the power unit case 55. 
In Fig. 2, reference numeral 75 indicates an epicycle 
reduction gear; 76 is a potentiometer for detecting a rotational 
angle of a transmission control motor 95 to be described later; 
121 is a cam shaft drive pulley; 78 is a water pump driven by 
20 the pulley 121; 79 is a belt cover; and 103a is an oil pump case 
disposed at a lower central portion of the figure, 

The details of components associated with the clutch shcif t 
57, transmission shaft 58, and electric motor shaft 59 will be 
fully described with reference to the following figure. 
25 Fig. 3 is a sectional plan view of the power unit according 

to the present invention. The details of the components 
associated with the clutch shaft, transmission shaft, and 
electric motor shaft, and the drive force transmission 
configuration will be described with reference to this figure. 
30 The primarjf, driven gear 62 rotatably mounted on the clutch 

shaft 57 is driven by the primary drive gear 61 motmted on the 
crank shaft 56. The primary driven gear 62 drives a clutch 
outer 64 of a one-way clutch 63 for a starter and a clutch inner 
68 of the centrifugal clutch 67 independently from the clutch 
35 shaft 57. For this purpose, the primary driven gear 62 is 

connectable to both the clutch outer 64 of the one-say clutch 63 
and the clutch inner 68 of the centrifugal clutch 67 by means of 
a cylindrical member 66. As the centrifugal clutch inner 68 is 
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rotated at a rotationea speed of a specific valu& or more, a 

centrifugal clutch outer 69 Is rotated together with the 

centrifugal clutch Inner 68, with a result that the clutch shaft 

57 starts to be rotated. 
5 The above primary drive gear 61 Includes a phase difference 

adjusting sub-gear 61a and a spring 61b for preventing 

occurrence of gear rattle. 

The transmission 70, which is of a cone type with its 

function fiilly described with reference to another figure, 
10 transmits a power in the order of the transmission shaft 58 

an inner disk 71 a cone 72 an outer cup 73. The rotation 

of the outer cup 73 is transmitted to the electric motor shaft 

59 through a one-way clutch 83. 

The electric motor 80 is of a coreless type, in vrtiich a 
15 permanent magnet type rotor 81 is mounted on the electric motor 

shaft 59 and a stator coil 82 is mounted on an electric motor 

case 55d. 

When the centrifugal clutch 67 is ttimed on. a drive force 
is transmitted in the order of the clutch shaft 57, transmission 
20 shaft 58, transmission 70, and electric motor shaft 59, and acts 
to drive an axle 90 through a multi-disk type torque limiter 84 
and a reduction gear mechanism 85 {\(rtiich is composed of a small 
gear 86, a large gear 87, a small gear 88, and a large gear 89). 
The multi-disk type torque limiter 84 includes a limiter 
25 inner 84a rotated together with the electric motor shaft 59, 

disks 84b and 84c (the disk 84b is mounted on the limiter inner 
84a and the disk 84c is mounted on the following limiter outer 
84d), a limiter outer 84d, and a spring 84e. The small gear 86 
is integrated, with the limiter outer 84d. 
30 A power is ^.transmitted in the of tder of the limiter inner 84 

disk 84b disk 84c limiter outer 84d — ► small gear 86. 
If an excess torque over a predetermined value is applied, there 
occurs a slip between the disks 84b and 84c for protecting the 
components of the multi-disk torque limiter 84. The 
35 predetermined torque can be set by the spring 84e. 

The one-way clutch outer 64 for a starter acts as a 
fly^eel and has a beilance weight 91 for taking an engine 
balance. The one-way clutch outer 64 constitutes the one-way 
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clutch 63 for transmitting rotation of a starter in combination 
with the one-way clutch inner 65. 

When a starter driven gear 93 is rotated by a starter (not 
shown), the centrifugal clutch inner 68 is rotated through the 
5 one-way clutch inner 65 and the one-way clutch outer 64, to 
start operation of the engine. And, vrtien the one-way clutch 
outer 64 is rotated at a hi^er speed, it is separated from the 
clutch inner 65 on the low speed side. 

Figs. 4 and 5 are views illustrating a configuration and a 
10 function of the cone type continuously variable transmission 
according to the present invention. 

In the state of the cone 72 shown in Fig- 4, a relationship 
of R1>R2 is given, where Rl is a distance from the center of a 
cone supporting shaft 74 to the inner disk 71, that is, a 
15 rotational radius of the inner disk 71, and R2 is a distance 
from the center of a coire supporting shaft 74 to the outer cup 
73, that is, a TOtational radius of the outer cup 73. 

The cone 72 is rotated at a low speed because a large 
diameter portion {raditis: Rl) of the cone 72 is rotated by the 
20 inner disk 71, and the outer cup 73 is rotated at a low speed 
because the outer cup 73 is rotated by the sm all diameter 
portion (radius: R2) of the com 72. 

When rotation of the outer cup 73 is higher than that of the 
electric motor shaft 59, a power is transmitted from the outer 
25 cup 73 to the electric motor shaft 59 through the one-way clutch 
83. 

Reference numeral 70a indicates a cam ball for pushing the 
outer cup 73 leftward along with rotation of the outer cup 73. 
Such a pushing action allows a contact pressure to be applied 
30 between the out^r cup 73 and the cone 72. 

Reference numerals 70b, 70c and 70d indicate oil seals. The 
oil seals 70b and 70c form a closed space for accumulating 
transmission oil in the transmission 70, and the oil seal 70d 
cuts off oil on the crank case 55b side (on the left side of the 
35 figure). Accordingly, there is no fear that oil in the crank 
case is mixed with transmission oil. 

In the state of the cone 72 shown in Fig. 5. a relationship 
of R3>R4 is given, where R3 is a distance from the center of 
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the cone supporting shaft 74 to the inner disk 71, that is. a 
rotational radius of the inner disk 71, and R4 is a distance 
from the cone supporting shaft 74 to the outer cup 73, that is, 
a rotational radius of the outer cup 73. 
5 The cone 72 is rotated at a high speed because the small 

diameter portion (radius: R3) of the cone 72 is rotated by the 
inner disk 71, and the outer cup 73 is rotated at a high speed 
because the outer cup 73 is rotated by the large diameter 
portion (radius: R4) of the cone 72, 
10 By moving the cone 72 as shown in Figs. 4 and 5, the 

transmission 70 transmits rotation at a reduced speed, a uniform 
speed, or an increased speed. 

For this purpose, as shown in Fig. 4, a control gear 97 is 
shifted by the transmission control motor 95 through gears 96a, 
15 96b and 96c. The control gear 97 has a trapezoid female thread 
portion 99 formed on its boss portion. The trapezoid female 
thread portion 99 is meshed with a trapezoid male thread portion 
98 fixed on the case 55 side. The control gear 97 is shifted 
leftward in the figure by spiral motion of the trapezoid female 
20 thread portion 99. The leftward shjLft of the control gear 97 
moves the cone 72 leftward in the figure together with the cone 
supporting shaft 74 into the state shown in Fig. 5. 

It is important that both the trapezoid male thread portion 
98 and the trapezoid female thread portion 99 are provided not 
25 on the outer cup 73 side but on the inner disk 71 side. The 
cone 72 is pushed leftward in the figure by reaction of the 
outer cup 73. As a result, the control gear 97 is applied with 
a force in the direction shown by an arrow "1", that is, in the 
direction from the low speed side to the high speed side. With 
30 the configuratipn in this embodiment, the cone 72 can be shifted 
to the high speed side with a small torque- This is effective 
to lower the capacity of the transmission control motor 95. 
A lubricating system will be describe below. 
Fig. 6 is a view illustrating an engine lubricating system 
35 according to the present invention, in \rtiich flow of oil is 
indicated by an arrow. 

The power unit case 55 has a lower oil tank 101 disposed at 
its lower portion, and an upper oil tank 102 disposed at its 
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upper portion. A first oil pump 103, a second oil pump 104, and 
a third oil pump 105 are coaxially disposed on one end side 
(right end side) of the crank shaft 56, First, oil in the lower 
oil tank 101 is pumped by the first oil pump 103 through a 
5 strainer 106 and a first oil passage 107, and is supplied to the 
upper oil tank 102 through a second oil passage 108. 

The oil in the upper oil tank 102 flows to tlie second oil 
pump 104 through a third oil passage 109 and is pressurized by 
the second oil pump 104. The oil thus pressurized lubricates 
10 main journal portions 56a, a connecting rod large end portion 
56b, and others ( particularly, a valve chamber not shown) 
through a forth oil passage 111, a filter 112, and a fifth oil 
passage 113, and returns to the lower oil tank 101. In this 
figure, reference numeral 112a indicates a filter cover. 
15 Fig. 7 is a view illustrating a transmission lubricating 

system according to the present invention- Referring to Fig. 7, 
transmission oil is punned from as transmission oil tank 115 
additionally provided on a lower portion of the power unit case 
55 by the third oil pump 105 through a six oil passage 116, 
20 being fed to the transmission shaft 58 through a seventh oil 
passage 117, and is supplied to the transmission 70 through and 
oil passage 118 in the transmission shaft 58. The oil is then 
returns to the transmission oil tank 115 in the direction shown 
by an arrow in the figure, and is pumped by the third oil pump 
25 105 through a strainer 119. 

Fig. 8 is a front view of the power imit, showing a cam 
shaft drive mechanism cis a valve drive mechanism according to 
the present invention. 

Referring, to Fig. 8, the left crank case 55a is mounted on 
30 the right side pt a cylinder block 129b integrated with the 
right crank case 55b, and the electric motor 80 is disposed 
higher than the crank shaft 56. A cylinder head 129H is 
,mounted on the left side of the cylinder block 129B. The 
muffler 21 is nraunted at the leading end of the exhaust pipe 19 
35 extending from the cylinder head 129H. An intake manifold 129M 
extending frOTi the air cleaner 18 on the upper left side (and on 
the back side of the figure) is connected to the cylinder head 
129H through a carburetor 129C. Reference numeral 129S 
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indicates a starter motor mounting hole. 

In Fig. 8, since a belt cover 79 is removed, there can be 
seen, from the front side of the power unit 15, a cam shaft 
drive mechanism 120 as the valve drive mechanism composed of a 

5 cam shaft drive pulley 121, a belt 12, an intake side cam shaft 
pulley 123, an ekhaust side cam shaft pulley 124, and a 
tensioner 125. ^ 

As is apparent from Fig- 8, since the cylinder is disposed 
in the width direction of the vehicular body with its cylinder 

10 axis 126 substantially in the horizontal direction {-for example, 
a tilt angle with respect to the ground is set at + 10** ) , the 
center of gravity of the vehicle is lowered and also the 
cylinder length can be set within the vehicular width. This 
increased the degree of design of the vehicle. 

15 The transmission 70 may be of an epicycle reduction gear 

type. 

INDUSTRIAL APPLICABILITY 
The present invention having the above arrangement provides 
20 the following advantages: 

According to the invention described in claim 1, since a 
transmission shaft and an electric motor shaft are disposed in 
series in the longitudinal direction of a vehicular body, the 
direction of a force applied to a power unit case becomes 

29 simple. This reduces a loss of power transmission and 
facilitates the design of the power unit case. Concretely, the 
power unit case can be designed such that the rigidity is high 
in the direction where the force is applied and the rigidity is 
low in the direction ^ere the force is not applied; and 

30 consequently, t^e power imit case can be reduced in weight and 
also be made compact as a vrtiole in proportional to 
simplification of the force applied to the power unit case. 

According to the invention described in claim 2, a clutch 
shaft is integrcilly connected to the transmission shaft, a one- 
35 way clutch is held by the transmission shaft, and a starter one 
way clutch and a centrifugal clutch are held by the clutch 
shaft. Accordingly, the components for transmitting a drive 
force can be closely disposed, leading to coirpactness of the 
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power unit. 

According to the invention described in claim 3, the power 
unit is swingably mounted, together with a rear ^eel, on a main 
frame. 

With this configuration, since the power unit can be 
significantly reduced in weight and also the power unit is swung 
together with the rear wheel, the unspring weight can be reduced 
and the steering stability can be enhanced. 
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CLAIMS 

1. A motorcycle in which an engine and an electric motor are 
provided as a power unit and an engine output and an electric 
motor output are transmitted to a drive vrtieel through a 
transmission shaft and an electric motor shaft, respectively, 

characterized in that said transmission shaft and said 
electric motor shaft are coaxially disposed in series in the 
longitudinal direction of a vehicular body and in parallel to a 
crank shaft of the engine. 

2. A motorcycle according to claim 1, wherein said transmission 
shaft holds a one-way clutch and a clutch shaft holding a one- 
way clutch shaft holding a starter one-way clutch and a 
centrifugal clutch is provided integrally with said transmission 
shelf t - 

3. A motorcycle according to claim 1, wherein said power unit 
is swingably mounted, together with a rear vrtieel, on a main 
frame. 
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